Methods: Molecular Study. Genomic DNA was isolated from muscle tissue taken from 22 specimens of Deroceras using a Qiagen DNeasy extraction kit and protocol. Two mitochondrial gene fragments (cytochrome c oxidase subunit 1 (CO1) and 16S rRNA (16S) were independently PCR-amplified as described by Folmer et al. (1994) and Palumbi et al. (1991) using Promega GoTaq® Green master mix, the primer pairs: LCO1490 (F) + HCO2198 (R) and 16Sa (F) + 16Sb (R), respectively, with an annealing temperature of 48 ºC for both. Sequencing was performed in both forward and reverse directions using the PCR primers on a Beckman Coulter automated capillary sequencer, and sequence chromatographs were edited using Sequencher 4.2, Gene Codes Corporation, Ann Arbor, MI, USA. Sequences for each gene were aligned separately, first automatically using the program MUSCLE (Edgar, 2004) , and then manually rechecked using Se-Al v2.0a11 (Rambaut, 2002) . Gaps in alignments were treated as missing data. No internal stop codons were found in the protein-coding gene fragment CO1. Our new sequence data generated in this study (Figure 2, GenBank KF219885-918) species of Deroceras obtained from GenBank. For more distant outgroup taxa to root our Deroceras phylogeny, we downloaded from GenBank previously published sequences of the corresponding gene fragments of the marine basommatophoran species Otina ovata (Brown), found to be an adequate outgroup within the Pulmonata (Golding, 2012) . Methods: Phylogenetic analysis. We used a mixed-model approach to reconstruct the phylogeny of Deroceras taxa with sequence data. To identify appropriate models of nucleotide substitution for both analyses, we used the program MrModeltest v2.2 (Nylander, 2004) , run in PAUP* v4.0b10 (Swofford, 2002) , which recovered the HKY + I model for the 16S gene and GTR + Γ , F81, and HKY + Γ models for 1 st , 2 nd , and 3 rd , codon positions of CO1, respectively. We used Akaike information criterion (AIC) to select the best-fit models, as estimated by MrModeltest. The two gene fragments 16S (345 bp) and CO1 (630 bp) were concatenated and this combined dataset was partitioned by gene and codon position (for CO1), resulting in a total of four partitions.
We inferred phylogenetic relationships using Bayesian Inference (BI) criterion implementing MrBayes v3.0b4 (Ronquist and Huelsenbeck, 2003) . Two simultaneous runs were conducted (with the default Markov chain Monte Carlo [MCMC] settings), for a total of 2.0 × 10 6 generations per run, sampling trees and parameters every 100 generations. We used potential scale reduction factor values (output by MrBayes), together with plots of cold chain likelihood values and parameter estimates visualized in Tracer v1.5.4 (Rambaut & Drummond, 2009 ) to confirm stationarity and convergence of MCMC runs. Based on this evaluation, the first 1.0 × 10 6 generations from each run were discarded as burn-in.
Using the same partitioning scheme described above, we inferred the ML tree using RAxML 7.2.8 and assessed tree support with the rapid-bootstrapping algorithm using 1000 non-parametric bootstrap values (Stamatakis, 2006; Stamatakis et al., 2008) . All ML estimates and tests were run under the GTRCAT model.
Results: Morphology. Table 3 shows the distribution of character states listed above and the species identification based on those characters. Some characters could not be scored in individual samples because the genitalia were not fully developed; this could be because a given specimen was immature, or because of genital polymorphism as mentioned above.
Where multiple specimens from a sample were dissected, all those with fully developed reproductive systems showed the genital character states indicated. The same consistency was shown for certain other characters. For instance, the two specimens from sample D9 both had large, globose spermathecas with slender spermathecal ducts. Three samples (D5, D8, and D19) had more than one external color pattern.
With some exceptions, the character states sort as predicted by the taxonomic literature. Those exceptions do show significant variability among samples and some specimens show mixed states (e.g. D5, D14, D16, D18). None of the specimens had a large, round swelling in the middle of the penis (such as shown for D. laeve by Pilsbry, 1948: fig. 291:1, 1a, 2) ; but those scored as D. laeve for penial shape had an ovate or fusiform, rather than parallel-sided, cylindrical penis as in D. hesperium. Pilsbry's own illustrations show considerable variation of this character in D. laeve. A uniformly brown pigmented dorsum and mantle have not been reported previously for D. hesperium, but sample D29 for which the internal characters uniformly score as HE has this external coloration. Sample D18 is exceptional in having a nearly equal mix of D. hesperium and D. laeve genital character states. A narrowed base of the penis, considered diagnostic of D. hesperium by Pilsbry (1948) , occurs in several samples that otherwise have the penial features of D. laeve.
Results: Phylogenetic Analysis. Figure 2 shows the estimates of phylogenetic relationships among Deroceras species, indicating support for a within-species polytomy among Oregon Deroceras populations examined in this study. As is clearly visible, there are not two clear sets of deeply divergent clades with shallow within-clade tips that would support the concept of two different species as might be expected under a phylogenetic species concept.
Discussion and Conclusions: The benchmark for morphology-based taxonomy of North American species of the genus Deroceras is the monograph by Pilsbry (1948) . In his treatment of the Holarctic species D. laeve (Pilsbry, 1948:539-552, figs. 289-293) he illustrated a wide range of genital morphologies from specimens across North America and some north Pacific islands. He synonymized numerous named species and forms with D. laeve, considering them to fall within the range of the species' variation. However, he retained D. hesperium as a separate species, based mainly on reproductive characteristics. On a strictly morphological basis, the results shown above don't fully contraindicate the existence of two morphotypes, one of them consistent with the diagnosis of Deroceras hesperium, the other falling within the range of the variable D. laeve. However, it is important to note that a few samples show a mixture of characters. Traditional taxonomy, perhaps implicitly weighting characters differentially, would tend to accept these results as indicating two species. When mapped on the molecular tree (Figure 2) , however, the three unquestioned Deroceras hesperium samples (D1, D10, and D29) do not form a clade but plot on separate branches. Unlike species-level divergences among other species sampled, which show clear genetic separation, there is no indication that D. hesperium and D. laeve form distinct clades. Sample D1 is more closely associated with D. laeve sample D7 than with any other D. hesperium sample and other samples morphologically identified as D. hesperium or D. laeve do not form strong inclusive clades to the exclusion of the other taxon. If the molecular tree is accepted as indicating phylogenetic relationships, then the hypothesis that the D. hesperium samples share a common ancestor not shared by any other The single D. laeve sample, from Kentucky, USA, for which there was an existing GenBank accession for the cytochrome oxidase I gene, while having a partly unique set of apomorphies, is found within a clade that includes our D. laeve samples. However this clade also includes other Deroceras species and we cannot establish monophyly of the widespread D. laeve based on this analysis alone.
This study did not examine nuclear genes, and it remains possible that mitochondrial introgression has occurred and nuclear genes may show a different phylogenetic pattern. Further work utilizing nuclear markers is therefore warranted in order to verify the results reported here. The preponderance of other evidence is best interpreted as indicating a variable, single species. Thus, Deroceras hesperium should be considered a junior synonym of Deroceras laeve.
